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Weak Gravitational Lensing in GOODS 

Overview 
Alongside neutrino and electromag-

netic radiation observ ation,  grav ity  stands as 
an independent probe of  th e cosmos.  G rav i-
tational lensing in particular,  since it arises 
solely  f rom spacetime curv ature,  is maturing 
as a v iable means of  mapping bary onic and 
dark matter in th e sky .  T h eorists h av e sh ow n 
th at grav itational lensing’ s w eakest regime 
probes structure on th e largest know n 
scales—th ose of  galax y  superclusters.  T h eir 
th eories allow  ph y sicists to directly  measure,  
f or ex ample,  th e cosmological parameter σ8 ,  w h ich  normaliz es th e pow er spectrum of  
mass density  perturbation w ith in an eigh t 
megaparsec sph ere. 

M odern tech nology  allow s f or th is 
new  kind of  measurement.  W eak lensing 
analy sis req uires accurate images of  many  dis-
tant galax ies,  and th e G reat O bserv atories 
O rigins D eep S urv ey  ( G O O D S )  f ulf ills th ese 
req uirements.  T h e G O O D S  collaboration,  
w h ich ,  in part,  utiliz es th e H ubble S pace T ele-
scope,  h as produced images th at resolv e gal-
ax ies up to a redsh if t of  about six . 

B y  analy z ing th e w eak grav itational 
lensing in G O O D S ,  w h at is th e mass pow er 
spectrum?   D oes th is observ ed pow er spec-
trum determine or bound σ8 ?   M y  h onors sen-
ior th esis w ill answ er th ese q uestions,  and in 
th e process I  w ill generate v arious maps of  th e 
G O O D S  f ields,  including sh ear and conv er-
gence,  curl and div ergence of  th e sh ear,  and 
perh aps th e point-spread f unctions ( P S F )  of  
th e apertures.  S y stematic error such  as anisot-
ropic P S F  poses th e greatest ch allenge to th is 
research  since it easily  th reatens w eak lensing 
signals,  w h ich  manif est as a less th an ten per-
cent sh ear in an image.  I  w ill ex plore th e 
meth ods proposed by  astroph y sicists such  as 
K aiser,  S q uires,  and B roadh urst ( 1 9 9 5 ) ;  R h o-
des,  R ef regier,  and G roth  ( 2 0 0 0 ) ;  and R e-
f regier and B acon ( 2 0 0 3 ) . 

Non-departmental advisors 
J odi L amoureux ,  scientif ic staf f  w ith  

P rof essor G eorge S moot’ s observ ational as-
troph y sics research  group at th e L aw rence 
B erkeley  N ational L aboratory  ( L B N L ) ,  guides 
me on my  proj ect.  S h e now  w orks on grav ita-
tional lensing computer algorith ms and mod-
els f or th e planned S upernov a Acceleration 
P robe,  and prov ides me w ith  seasoned and 
h igh ly  relev ant ex pertise.  S h e also takes an 
interest in and h as ex perience w orking w ith  
undergraduate ph y sicists. 

Space and Time Constraints 
I  f irst engaged in th is proj ect th rough  

th e U ndergraduate R esearch  Apprentice P ro-
gram at th e start of  th e f all 2 0 0 3  semester.  I  
discov ered th at,  giv en th e constraints of  my  
course sch edule,  I  can allot about nine h ours 
of  in-lab w ork per w eek comf ortably .  I  can 
also w ork f rom h ome,  especially  on w eekends,  
and I  plan to w ork on it f ull time ov er th e 
summer.  Alth ough  I  h av e already  begun th e 
w ork,  my  th esis proj ect of f icially  begins th is 
spring semester w ith  th is proposal.  T h at giv es 
me until D ecember to complete th e research  
and th e paper. 

T o reach  th is deadline,  P rof essor 
S moot’ s research  group prov ides me w ith  
ample resources.  T h e proj ect is computing 
intensiv e,  so th e group giv es me a w orkstation 
at L B N L  w ith  a desktop computer eq uipped 
w ith  standard scientif ic computing tools.  I  
can also access th ese computers f rom my  per-
sonal computer.  Additionally ,  th ey  allow  me 
access to th e P arallel D istributed S upercom-
puting F acility ,  based at L B N L ,  f or particu-
larly  intensiv e tasks. 

 


